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Abstract
We have studied the electronic structures of URu2Si2 employing ultrahigh-resolution laser angle-resolved photoemission spec-
troscopy. The change of photoemission spectra is investigated across the hidden-order transition, and the emergence of a narrow
band is clearly observed near the Fermi level for both (pi, 0) and (pi, pi) directions. In addition, it is shown that tuning of light’s
polarization allows the signal of a hole-like dispersive feature to enhance. These observations prove that laser angle-resolved pho-
toemission spectroscopy is an effective tool for studying the evolution of electronic structures across the hidden-order transition in
URu2Si2.
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1. Introduction
URu2Si2 is a heavy fermion superconductor (Tc ∼ 1.5 K)
that shows unknown second-order phase transition at 17.5 K
[1, 2, 3]. This unknown phase transition was formally consid-
ered as the formation of spin-density wave, but this possibility
was ruled out by the fact that observed moment (∼ 0.03 µB) is
too small to account for the entropy release [4]. Even today, or-
der parameter of this second-order transition is still unknown.
Since the hidden-order state appears in the proximity of super-
conductivity and magnetism, understanding of the hidden-order
state in URu2Si2 would offer new insights in the physics of cor-
related systems.
To understand the underlying nature of ‘hidden-order’ state,
it is important to address whether the modification of electronic
states occurs or not across the second-order transition. Angle-
resolved photoemission spectroscopy (ARPES) is potentially a
powerful tool to address such question, but the earlier efforts
were unsuccessful owing to the achievable energy resolution at
that time. Very recently, the results of high-resolution ARPES
across the hidden-order transition are reported for the first time
and show the emergence of a heavy quasiparticle band near the
Fermi level in the hidden-order phase [5]. However, higher en-
ergy resolution can be obtained in the recent experiment [6],
and it may be possible to improve the quality in data by em-
ploying a state-of-art ARPES.
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In this report, we report the electronic states of URu2Si2
measured by a state-of-art laser ARPES. We show that the
heavy quasiparticle band can be observed with bright clarity,
which demonstrates the power of laser ARPES for resolving
the narrow feature near the Fermi level. Moreover, we find that
employment of linearly-polarized light enhances the signal of
a hole-like dispersive feature observed in our measurements.
These data prove that laser ARPES is an effective tool for study-
ing the electronic states in the hidden-order state of URu2Si2.
2. Experimental
Single crystals of URu2Si2 were prepared by the Czochralski
method as described elsewhere [7, 8]. ARPES spectra were
recorded with laser ARPES system at the Institute for Solid
State Physics, The University of Tokyo, where the system con-
sists of a vacuum ultraviolet laser (photon energy of 6.994 eV)
and a Gammadata-Scienta R4000WAL electron analyzer. we
obtained (001) surface by in situ cleaving where the base pres-
sure of the main chamber was kept better than 4 × 10−11 Torr
throughout the experiment. Binding energies of spectra and
sample temperature were calibrated in reference to the Fermi
edge of a gold film evaporated near the sample, and the total
energy resolution was set at 2 meV.
3. Results and Discussion
3.1. Band Dispersion in the Hidden-Order State of URu2Si2
Figure 1(a) and 1(b) show ARPES intensity plots at 7 K and
at 25 K, respectively, measured along (pi, 0) direction of the
Preprint submitted to Journal of Physics and Chemistry of Solids September 3, 2010
30
20
10
0
-10
B
in
d
in
g
 e
n
e
rg
y 
(m
e
V
)
-0.2 -0.1 0.0 0.1 0.2
Wave Vector (Å 
-1
)
 
(a) 7 K
-0.2 -0.1 0.0 0.1 0.2
Wave Vector (Å 
-1
)
(b) 25 K
Figure 1: Laser ARPES data on URu2Si2 measured along (pi, 0) direction with
circularly-polarized light: (a) ARPES intensity plot at 7 K, and (b) at 25 K.
body-centered tetragonal Brillouin zone. In these plots, we ob-
serve a dispersive feature extending toward the Fermi level and
photoemission intensities at higher binding energy. The latter
signal has been assigned as a surface state by the previous work
[5]. Moreover, a signal from a narrow quasiparticle band near
the Fermi level appears in the spectrum at 7 K. We estimate the
velocity of quasiparticles to be 30 meV Å from the slope be-
tween 0 Å−1 and 0.15 Å−1, in agreement with previous ARPES
estimate . We also estimate kF of the dispersive feature from
the intensity plot at 25 K, yielding kF ∼ 0.12 Å−1. This value
is slightly smaller than what has been reported for a hole-like
band observed in the previous work [5], but the deviation may
come from the difference in the position of momentum space
along kz. The most striking point in our higher-resolution mea-
surement is that the heavy quasiparticle band is observed much
clearer than the previous work. When it comes to the spectrum
at 25 K, however, such narrow feature disappears completely.
This fact unambiguously ensures the existence of narrow band
near the Fermi level in the hidden-order state of URu2Si2.
3.2. Polarization Dependence
Figure 2(a)-(c) display ARPES intensity plots at 7 K taken
for (pi, pi) direction with different polarizations. It is noted that
the appearance of the narrow band in (pi, pi) direction confirms
that the observed change is applicable to the wide region of
momentum space. In our data with different polarizations, it is
remarkable that the intensity of the dispersive feature becomes
clear with s-polarized light (Figure 2(b)). However, it is not the
case for circularly-polarized light (Figure 2(a)) or p-polarized
light (Figure 2(c)). Although careful discussions with reference
to theoretical calculations would be necessary, this observation
can be applicable to determine the character of the dispersive
feature and also proves the usability of laser ARPES for the
investigation of URu2Si2.
4. Conclusion
In summary, we have shown the appearance of a narrow band
near the Fermi level in the hidden-order state and the polariza-
tion dependence of a dispersive feature. Our data show laser
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Figure 2: Polarization dependence of ARPES intensity plots measured along
(pi, pi) direction at 7 K: (a) with circularly-polarized light, (b) with s-polarized
light, and (c) with p-polarized light.
ARPES is an promising tool to investigate the detail of elec-
tronic structures in the hidden-order state of URu2Si2. Further
investigations are in progress and will be published in a separate
paper.
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